The American College of Radiology (ACR) Computed Tomography (CT) Accreditation Program requires submission of phantom scans acquired with the ACR accreditation phantom. There is a known issue with some wide-beam scanners in which the Hounsfield unit (HU) value of water may be correct when using the scanner manufacturer's phantom, but will be out of range in some scan modes when scanning the accreditation phantom. The phantom manufacturer has developed a product known as Extension Plates to eliminate the water HU value issue. The purpose of this technical note is to evaluate the effectiveness of the Extension Plates in alleviating the water HU issue. The ACR phantom was scanned on nine different CT scanners representing four CT manufacturers at eight different facilities. Scanner models included 16-and 64-channel geometries from each manufacturer. All scanners passed routine daily water HU testing per the manufacturer's instructions. The accreditation phantom was scanned in helical and axial modes both with and without the Extension Plates present. Regions of interest were placed on the linearity test objects as well as the water HU test object in Module 1 of the phantom. Mean values were recorded and compared with the acceptable ranges specified by the ACR accreditation phantom testing instructions. Water HU values failed for one scanner model when scanned in helical mode using the widest collimation available and the Extension Plates were not present. All other scanner models passed the water HU linearity test with or without the Extension Plates in both axial and helical scan modes. Three of the four manufacturers tested failed the linearity test for different materials. The presence of the Extension Plates only affected the HU measurement for the water test object. PACS number(s): 87.57Q, 87.57C
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The American College of Radiology (ACR) Computed Tomography (CT) Accreditation Program requires submission of phantom scans acquired with the ACR accreditation phantom. There is a known issue with some wide-beam scanners in which the Hounsfield unit (HU) value of water may be correct when using the scanner manufacturer's phantom, but will be out of range in some scan modes when scanning the accreditation phantom. The phantom manufacturer has developed a product known as Extension Plates to eliminate the water HU value issue. The purpose of this technical note is to evaluate the effectiveness of the Extension Plates in alleviating the water HU issue. The ACR phantom was scanned on nine different CT scanners representing four CT manufacturers at eight different facilities. Scanner models included 16-and 64-channel geometries from each manufacturer. All scanners passed routine daily water HU testing per the manufacturer's instructions. The accreditation phantom was scanned in helical and axial modes both with and without the Extension Plates present. Regions of interest were placed on the linearity test objects as well as the water HU test object in Module 1 of the phantom. Mean values were recorded and compared with the acceptable ranges specified by the ACR accreditation phantom testing instructions. Water HU values failed for one scanner model when scanned in helical mode using the widest collimation available and the Extension Plates were not present. All other scanner models passed the water HU linearity test with or without the Extension Plates in both axial and helical scan modes. Three of the four manufacturers tested failed the linearity test for different materials. The presence of the Extension Plates only affected the HU measurement for the water test object. or a CTDI phantom may be placed adjacent to the Gammex 464 phantom to improve the HU assessment. (3) The effects of scatter radiation in conjunction with wide beam widths have been proposed as a possible cause of inaccurate HU assessment in the Gammex 464 phantom. (4) We evaluated the utility of optional Extension Plates (Gammex 464-EXTPLT-KIT), designed to improve the accuracy of HU measurement in solid water. We investigated scanners from four different vendors: GE Medical Systems (Waukesha, WI), Philips Healthcare (Andover, MA), Siemens Healthcare (Erlangen, Germany), and Toshiba Medical Systems (Tochigi-ken, Japan), representing two different scanner geometries (64-and 16-channel) at eight independent clinical sites (nine scanners total). The 64-channel scanners investigated were the GE LightSpeed VCT, Philips Brilliance CT, Siemens Somatom AS, and Toshiba Aquilion 64. The 16-channel scanners investigated were GE LightSpeed Ultra, Philips Brilliance, Siemens Somatom Sensation 16, and a Toshiba Aquilion 16.
II. MATERIALS AND METHODS
For each scanner, a water HU assessment was performed per the vendor-specific instructions to verify accurate scanner calibration prior to the ACR phantom scans. The ACR phantom was scanned using an axial head and helical abdominal protocol (Tables 1 and 2 ). A scan was performed with and without the Extension Plates ( Fig. 1 ) for each protocol on each scanner. In helical mode, the widest beam width available on each scanner was used.
Regions of interest (ROIs) were placed in the Module 1 linearity test objects and mean HU values were recorded (Tables 3 and 4 ). All ROI measurements followed the ACR accreditation phantom testing guidelines. (2) ROIs were placed on the centermost image of Module 1 and were approximately 200 mm 2 in area. Each ROI was placed in the center of the material being measured for the most accurate assessment of HU ( Fig.1 . The materials measured included polyethylene, solid water, acrylic, bone, and air. Acceptable HU ranges for each material measured are listed in Table 5 . 
III. RESULTS
All nine scanners passed the water HU evaluation using the vendor's supplied phantom and testing procedure. Based on the HU measurements of specific materials within the ACR phantom, calibration issues were identified on four scanners. These failures were identified both with and without the Extension Plates. HU values for 16-and 64-channel scanners, axial head protocol, are shown in Table 3 . HU values for bone failed for the GE VCT while Philips, Siemens, and Toshiba 64-channel scanners all passed the bone HU evaluation. The GE, Philips, and Toshiba 16-channel scanners passed the air HU evaluation, and the Siemens scanner failed the air HU. The pass/fail results for the HU values for all axial head protocols were unchanged by the presence of the extension plates.
Results for the 16-and 64-channel scanners using the helical abdomen protocols from Table 2 , are shown in Table 4 . Bone and air HU values failed for the Toshiba 64-channel scanner. GE, Philips, and Siemens 64-channel scanners all passed the bone and air HU evaluation. Failure of the solid water HU value was noted in each of the GE VCT 64-channel scanners Polyethylene HU values failed for the Siemens 16-channel scanner. GE, Philips, and Toshiba 16-channel scanners all passed the polyethylene HU evaluation. The Extension Plates had no positive or negative effect on the HU values utilizing the helical abdomen protocol with 64-channel scanners in the Philips, Siemens, or Toshiba scanners. In addition, the Extension Plates had no positive or negative effect on the HU values for any of the 16-channel scanners tested.
IV. DISCUSSION
Calibration issues affecting the HU measure in CT may be due to multiple issues. We hypothesize that the probable cause of the calibration issue is the beam hardening correction and beam filtration, as the failure is replicated on two GE VCT 64-channel scanners from independent clinical sites, showing a failure of the HU for bone in both scanners under the axial head protocol. Earlier work by Cropp supports this hypothesis. (5) It should be noted that the Extension Plates did not mask the calibration-related failures; HU values were inaccurate both with and without the Extension Plates in place.
Improvement in the solid-water HU values were realized with the use of Extension Plates on all 64-channel scanners evaluated using the helical abdominal protocol. The GE VCT solidwater HU values improved enough to meet the ACR accreditation criteria. The data collected do not suggest a substantial benefit with other vendors' 64-channel scanners or any 16-channel scanner included in the study. However, they show no negative effect on HU values when used on those platforms. The addition of Extension Plates does not appear to mask calibration issues or cause inaccuracies in data collected while in use. Our data support the use of the Extension Plates for the GE VCT 64-channel scanners as an effective means of addressing the known solid-water HU assessment issue in helical mode using a 40 mm beam width. Additional investigation into the utility of Extension Plates on other wide-beam CT scanners is needed. In particular, other wide-beam GE scanners that also experience this issue may benefit from the use of the Extension Plates.
The Gammex 464 phantom and the Gammex 464-EXTPLT-KIT Extension Plates allow for a more efficient and accurate positioning of the phantom when compared with positioning the Gammex 464 phantom and a water phantom. The phantom/extension plate convenience could also be improved through the addition of a carrying case for both components of the system and extended cradle.
